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1
INTEGRATED RECIRCULATING FUEL
CELL METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/196,837 filed on Aug. 2, 2011, incorporated
herein by reference in its entirety, which claims the benefit
of U.S. provisional patent application Ser. No. 61/444,595
filed on Feb. 18, 2011, incorporated herein by reference in
its entirety.

INCORPORATION-BY-REFERENCE OF
COMPUTER PROGRAM APPENDIX

Not Applicable

NOTICE OF MATERIAL SUBJECT TO
COPYRIGHT PROTECTION

A portion of the material in this patent document is subject
to copyright protection under the copyright laws of the
United States and of other countries. The owner of the
copyright rights has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the United States Patent and Trademark
Office publicly available file or records, but otherwise
reserves all copyright rights whatsoever. The copyright
owner does not hereby waive any of its rights to have this
patent document maintained in secrecy, including without
limitation its rights pursuant to 37 C.F.R. §1.14.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to a hydrogen fuel cell
electrical power generating system, and more particularly to
an open cathode proton exchange membrane (PEM) system.

2. Description of Related Art

FIG. 1A illustrates a prior art fuel cell system 10 having
a fuel cell stack 12 comprised of a plurality of individual fuel
cells 26 connected in series (shown in further detail in FIG.
1B). A stack fan 15 is used to provide process oxidizer (air)
and also perform a cooling function by either drawing air 22
through cooling features of the stack 12 and delivering air to
the cathode, or by blowing air through the fuel cell stack 12
for cooling and delivering air to the cathode. Additionally,
there may be ducting 14 to assist in directing the air flow 22
associated with the fuel cell stack 12. In these systems, a fuel
source 32 of hydrogen (or optionally reformate) is provided
to stack 12. Inlet fuel pressure control can be provided by a
pressure regulator 19. The fuel is fed into the fuel cell stack
12 through a fuel inlet valve 16 and exits the fuel cell stack
12 through fuel exit valve or purge valve 28.

The fuel can be delivered by the pass through method or
the periodic purge method. In the pass through method, the
fuel 32 is continuously bled through the fuel cell stack 12 by
way of the fuel inlet valve 16 and the fuel exit valve 28 to
prevent the accumulation of inert species such as nitrogen
and water vapor in the anode chamber.

In the periodic purge method, the fuel exit valve 28 is held
closed while fuel 32 is delivered to the fuel cell stack 12
thought the fuel inlet valve 16. Over time, inert species such
as nitrogen and water vapor accumulate in the anode cham-
ber and impede the electrochemical reaction due to the
interference of the mass transport of hydrogen to the anode
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electrodes. This necessitates the periodic opening of the fuel
exit valve 28 to purge the inert species from the anode
chamber.

Electrical power is taken from the fuel cell stack 12
through electrical leads 18 and 30 and delivered through a
switch 24 to an electrical service load 20. Shutting down the
system may simply entail disconnecting the electrical ser-
vice load 20 by opening the switch or relay 24, or discon-
tinuing the supply of fuel to the fuel cell stack by closing the
fuel supply valve 16 and opening the purge valve 28 to allow
the pressure within the anode volume to equilibrate and then
turning off the stack fan 15, stopping the flow of air 22.

This procedure leaves fuel within the anode volume,
which allows the electrochemical reactions to continue
within the fuel cell stack and creates a potential across the
fuel cell stack, a potentially unsafe condition. Leaving the
purge valve 28 open allows the anode volume to eventually
fill with air, thus reducing the potential across the fuel cell
stack 12 to zero, inerting the fuel cell stack 12 and elimi-
nating the unsafe condition.

However, starting and stopping proton exchange mem-
brane (PEM) fuel cell 12 is often detrimental to the platinum
catalysts (not shown) used in PEM fuel cells, because high
cathode potentials develop during the exchange of oxidizer
(air) and hydrogen in the anode volume during the starting
and stopping processes. These high cathode potentials cause
the corrosion (oxidation) of the carbon catalyst support
material on the cathode, leading to the degradation of
catalyst itself and a resultant loss of performance.

In addition, when simply opening the purge valve and
allowing air to be drawn into and through the fuel cell stack,
the anode volume is placed in a mixed gas condition for an
extended period of time, leading to very rapid cathode
catalyst degradation.

Accordingly, an object of the present invention is a fuel
cell system that reduces the residence time of the mixed gas
condition at the anode, and reduces the potentials across the
fuel cell during the starting and stopping of the fuel cell
system, to thereby reduce the impact of mixed gas high
cathode potentials. At least some of these objectives will be
met in the description provided below.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a hydrogen fuel cell
electrical power generating system having open cathode
proton exchange membrane (PEM) system. The present
invention simplifies operation and fabrication of the fuel cell
system.

In some embodiments, accessories are added to control
and regulate the fuel cell system such as control systems,
safety systems, power conversation and management system
and accessories to assist in the start up of the fuel cell stack
from a non-operating condition to an operational state.

Also, to assist in the shut down from the operational state
to a non-operating condition such as the addition of auxiliary
electrical loads, the addition of air pumps or compressors are
used for the inerting of the fuel cell stack during non-
operational periods.

In addition, in some embodiments, modified air ducting is
used to direct the path of the cooling and process air through
the fuel cell stack, and, in some cases, re-circulate the air
through the fuel cell stack in order to maintain a proper
operating temperature.

Other embodiments include the use of individual resistors
across each fuel cell in the fuel cell stack and/or the
inclusion of diodes across each fuel cell in the fuel cell stack.



US 9,466,847 B2

3

Further embodiments consolidate the aforementioned
accessories in a simplification of the fuel cell power system
for cost reduction and ease of operation.

A first aspect of the invention is a fuel cell system,
comprising: a fuel cell stack and a fan configured to provide
process air to supply oxidizer to said fuel cell stack; an air
duct coupled to said fan and the fuel cell stack; an electrical
service load coupled to the fuel cell stack, the electrical
service load configured for receiving electrical power gen-
erated from reactions within the fuel cell stack; and an
auxiliary electrical load coupled to the fuel cell stack;
wherein the auxiliary is electrical load configured to reduce
potentials across the fuel cell stack; and wherein the air duct
is configured to direct the flow of air to the fuel cell stack to
provide cooling air to the fuel cell stack

In one embodiment, the system includes one or more air
dampers configured to control the flow of air within the air
ducting.

In another embodiment, the system includes a second fan
configured to provide cooling air to the auxiliary electrical
load.

In one embodiment, the flow of air is re-circulated to force
the air heated by fuel cell stack operation to be reintroduced
into the fuel cell stack, thereby providing heat for proper
operation of the fuel cell stack.

In a further embodiment, the system includes resistor
elements disposed between cells of the fuel cell stack,
wherein the resistor elements are configured to equilibrate
potentials across the individual fuel cells.

Another aspect is a method of operating a fuel cell system
having a fuel cell stack, comprising the steps of: from an
inert state, engaging an auxiliary electrical load coupled to
the fuel cell stack; directing fuel though the fuel cell stack
to purge inerting air from the stack; operating a fan to direct
air flow across the fuel cell stack; said air flow providing
cooling air and process oxidizer to said fuel cell stack; and
applying an electrical load across the stack to receive
electrical power generated from reactions within the fuel cell
stack.

In one embodiment of the current aspect, the inerting air
is purged from the fuel cell stack while simultaneously
engaging the auxiliary electrical load to lower potentials
within the fuel cell stack.

In another embodiment the method further includes
directing cooling air across the auxiliary electrical load.

In another embodiment the method further includes
directing purge air through the fuel cell stack upon stopping
of the fuel cell system.

In a further embodiment the method further includes
controlling one or more air dampers coupled to the fuel cell
stack to direct the airflow to the fuel cell stack and auxiliary
electrical load; and operating the one or more air dampers to
redirect air heated by the fuel cell stack back into the fuel
cell stack, thereby providing heat for operation of the fuel
cell stack.

In yet a further embodiment the method further includes
controlling the opening and closing of the one or more air
dampers to allow or limit infusion of ambient air into the air
duct.

Another aspect is a PEM fuel cell system, comprising: a
fuel cell stack comprising one or more PEM fuel cells and
fan configured to provide process air to supply oxidizer to
the fuel cell stack; an air duct coupled to the fan and the fuel
cell stack; an electrical service load coupled to the fuel cell
stack, the electrical load configured for receiving electrical
power generated from reactions within the fuel cell stack;
and an auxiliary electrical load coupled to the fuel cell stack
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4

and located within the air duct; wherein the auxiliary elec-
trical load is configured to reduce potentials across the fuel
cell stack; wherein the air duct is configured to direct the
flow of air to the fuel cell stack and auxiliary electrical load
to provide cooling air to the fuel cell stack and auxiliary
electrical load.

Further aspects of the invention will be brought out in the
following portions of the specification, wherein the detailed
description is for the purpose of fully disclosing preferred
embodiments of the invention without placing limitations
thereon.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

The invention will be more fully understood by reference
to the following drawings which are for illustrative purposes
only:

FIG. 1A is a schematic depiction of a prior art open
cathode fuel cell system.

FIG. 1B is a schematic depiction of a detail of the fuel cell
stack of FIG. 1A showing the arrangement of individual fuel
cells.

FIG. 2A is a schematic depiction of a first fuel cell system
of the present invention.

FIG. 2B is a schematic diagram of a detail of the fuel cell
stack of FIG. 2A showing the arrangement of individual fuel
cells parallel resister elements and diodes.

FIGS. 3A, 3B, and 3C are schematic diagrams of a second
embodiment of the invention showing three operational
variations. FIG. 3A shows a pass through mode, FIG. 3B
shows a full recirculation mode, and FIG. 3C shows a partial
recirculation mode.

FIGS. 4A, 4B, and 4C are schematic diagrams of a third
embodiment of the invention showing three operational
variations: FIG. 4A shows a pass through mode, FIG. 4B
shows a full recirculation mode, and FIG. 3C shows a partial
recirculation mode.

DETAILED DESCRIPTION OF THE
INVENTION

The following is a discussion of the embodiments of the
invention on the improvements of an open cathode fuel cell
system making use of auxiliary accessories, simplifications
and improvements in methods of construction to achieve the
improvements.

FIG. 2A shows a PEM fuel cell system 40 configured to
provide increased functionality and robustness in accor-
dance with the present invention. To reduce the impact of
mixed gas high cathode potentials, it is advantageous to
reduce the residence time of the mixed gas condition at the
anode. This is accomplished in system 40 by implementation
of purge air pump or compressor 52 to quickly move purge
air 56 through the fuel cell stack 42 by way of the air purge
inlet valve 54 upon stopping of the fuel cell system.

An auxiliary or external electrical load 48 is used to
reduce the potentials across the fuel cell stack 42 and
consequently across the individual fuel cells 26 during the
starting and stopping of the fuel cell system 40. Attendant
with the auxiliary electrical load 48 is an external or auxil-
iary electrical load cooling fan 46 that is configured to force
air 50 across or through the auxiliary electrical load 48 for
cooling the auxiliary electrical load 48 during its operation.
Optionally, the auxiliary electrical load cooling fan 46 may
draw air 50 the opposite direction (not shown) through the
auxiliary electrical load 48. The auxiliary electrical load 48
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and auxiliary electrical load cooling fan 46 are actuated by
the closing of switch or relay 44, which causes the auxiliary
electrical load 48 to be in electrical parallel with the fuel cell
stack 42.

As shown in FIG. 2B, fuel cell stack 42 may optionally
include resistor elements 58 and or diodes 60 coupled to the
individual fuel cells 26. The resistor elements 58 aid in
equilibrating the potentials across the individual fuel cells
26, while the diodes 60 prevent the individual fuel cells 26
from reversing polarity.

From the inert state, i.e., ambient temperature and air
residing on both the anode and cathode and no fuel within
the system, the fuel cell system 40 is started by first engaging
the auxiliary electrical load 48 and the auxiliary electrical
load cooling fan 46 by the closing of switch or relay 44. The
exit purge valve 28 is opened to vent the fuel cell stack 42,
followed by the opening of the inlet valve 16 to then allow
the fuel to be purged though the fuel cell stack 42. The
simultaneous purging of the inerting air 56 from the fuel cell
stack 42 and the engagement of the auxiliary electrical load
48 lowers the potentials within the fuel cell stack 42,
reducing cathode catalyst corrosion during the period when
there is a mixed gas condition within the fuel cell stack 42.
The fuel 32 is purged through the fuel cell stack 42 for a
sufficient amount of time to assure the complete displace-
ment of the inerting air from the fuel cell stack 42. After this,
the exit purge valve 28 is closed, the switch or relay 44 is
opened, the stack fan 15 is engaged, and the main electrical
load 20 is applied by the closing of relay or switch 24.

During the purging of the inerting air from the stack 42,
the resistor elements 58 of FI1G. 2B, if used, aid in providing
more consistent potentials among the individual cells 26
within the fuel cell stack 42. Furthermore, the diodes 60, if
used, prevent the occurrence of reverse potentials among the
individual cells 26 within the fuel cell stack 42.

In a preferred embodiment, the fuel cell stack 42 (as well
as fuel cell stack 102 shown in FIGS. 3A-C and 4A-C
described below) and individual fuel cells 26 preferably
comprise open-cathode proton exchange membrane (PEM)
commonly available in the art.

During normal operation, fuel (e.g. hydrogen or refor-
mate) delivered from a fuel source 32 is regulated to the
proper operational pressure by pressure regulator 19 and is
passed into the fuel cell stack 42 by way of fuel inlet valve
16. Fuel is removed from the stack through the exit or purge
valve 28 using the periodic purge method or pass through
method. Concurrently, air 22 is supplied to the open cathode
by means of a stack fan 15 by drawing air through the fuel
cell stack as shown in FIG. 2A, or optionally by blowing air
22 through the fuel cell stack, (e.g. air flow in opposite
direction not shown). The stack fan 15 also serves to cool the
fuel cell stack 42 during operation. The electrical power
generated by the reactions within the fuel cell stack are
delivered to the electrical load 20 through electrical leads
(cathode lead 18 and anode lead 30), and preferably through
switch or relay 24.

The fuel cell system 40 ceases operation by disconnection
of the electrical load 20 via opening the switch or relay 24,
opening the purge valve 28 to purge the anode volume of
water and other matter and providing a volume of fresh fuel
32 into the anode volume, continuing to run the stack fan 15
to cool the fuel cell stack 42, shutting off the stack fan 15
after the fuel cell stack has cooled satisfactorily, and engag-
ing the auxiliary electrical load 48 and the auxiliary elec-
trical load cooling fan 46 by the closing of switch or
relay 44.
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The fuel inlet valve 16 is then closed, and the air purge
inlet valve 54 is opened to force purge air 56 through the fuel
cell stack 42 by means of the air purge pump 52 through the
air purge inlet valve 54. Purge air 56 is forced through the
fuel cell stack 42 for a sufficient period of time to allow the
fuel remaining within the anode volume to be purged.

By forcing the purge air 56 through the anode volume, the
residence time of mixed gases is reduced and damage to
cathode catalyst is reduced, as well as performance losses
resulting from the degraded cathode catalyst.

In addition, the simultaneous purging of the fuel from the
fuel cell stack 42 and the engagement of the auxiliary
electrical load 48 lowers the potentials within the fuel cell
stack 42, reducing cathode catalyst corrosion during the
periods when there is a mixed gas condition within the fuel
cell stack 42. During the purging of the fuel from the stack
42, the resistor elements 58, if used, aid in providing more
consistent potentials among the individual cells 26 within
the fuel cell stack 42 while the diodes 60, if used, prevent the
occurrence of reverse potentials among the individual cells
26 within the fuel cell stack 42.

FIGS. 3A, 3B and 3C show a fuel cell system 100 with
consolidated features configured to improve the operation
and extend the operational range of the fuel cell. System 100
includes a fuel cell stack 102 and cell stack fan 15, with
augmented ducting 14 to allow for a recirculation return
passage 104 by means of recirculation return ducting 112.
The return ducting 112 may be a structural part the fuel cell
system 100 or it may be realized by the placement of the fuel
cell system 100 with in a cabinet or other enclosure (not
shown), whereby the various walls, panels, divider or other
structures of the cabinet or enclosure function as ducting for
the fuel cell engine 100. The auxiliary electrical load 48 is
placed within the ducting in such a location that the stack fan
15 provides cooling air 22 to auxiliary electrical load 48 as
well as cooling air and process air to the fuel cell stack 102.

In a preferred embodiment of system 100, the stack fan 15
draws air 22 through the fuel cell stack 102 and then blows
the same air over or through the auxiliary electrical load 48
to providing cooling. In an alternative embodiment (not
shown), the stack fan 15 may blow air 22 through the fuel
cell stack 102 and draw air 22 over or through the auxiliary
electrical load 48 (e.g. reverse to the flow of the air in FIG.
3A).

In further alternative embodiments (not shown), the
placement of the fuel cell stack 102, stack fan 15 and the
auxiliary electrical load 48 may be configured in different
arrangements in which the air 22 is drawn or blown through
the fuel cell stack 102 and the same air 22 is drawn or blown
over or through the auxiliary electrical load 48 by means of
different locations within the ducting 14, 112. For example,
the stack fan 15 may be positioned downstream from the
auxiliary electrical load 48 or upstream from the fuel cell
102.

System 100 may also comprise with a single integrated
valve body 114 that incorporates the valve function of all or
many of the individual valves of system 40. That is, rather
than have separate valves and valve bodies such as the fuel
inlet valve 16, the purge valve 28, the pressure regulation
valve 19 and the purge air inlet valve 54 as separate
components, the valve body 114 stands as a single compo-
nent serving the various functions. While a single compo-
nent valve body 114 may incorporate the assorted valve
functions, all valve functions may not be built-in to the valve
body 114. As an example, the purge valve 28 and or the
pressure regulator 19 may remain as separate component for
practical design reasons and not be incorporated into the
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valve body. Furthermore, any valve configurations shown in
FIGS. 2A, 3A through 3C and 4A through 4C may be used
interchangeably.

Power is delivered from the fuel cell stack 102 though the
stack power lead 120 to the fuel cell system power manger
116, and returned to the fuel cell stack 102 through the stack
return power lead 118. Because the stack potential can vary
significantly as the power drawn from the fuel cell stack 102
varies, and may not be suitable for the main service load
122, the power coming from the fuel cell stack 102 is
preferably conditioned or managed in the power manager
116 to provide a constant potential to the main service load
122.

A computer based fuel cell system controller 126 is
provided to monitor the condition of the fuel cell stack,
operate the valves of the valve body 114, as well as any other
separate valves, and monitor and control the power manger
116.

System 100 may also include a transient energy storage
124 capability in the form of batteries or supercapacitors. In
one embodiment, the fuel cell system 100 may serve as a
back-up power generator that only operates when there is a
grid power outage. Thus, the transient energy storage 124
can provide electrical power for the period of time required
for the fuel cell system 100 to come to its operational state.

Air flow 22 within the ducting is controlled by the use of
vaned louvers or dampers 106, 108, 110 which are in turn
regulated by the fuel cell system controller 126. The vaned
louvers or dampers 106, 108, 110 may be comprised of
single vanes (not shown) or multiple vanes as shown in
FIGS. 3A through 3C.

In a first operational mode shown in FIG. 3 A, the air inlet
damper 106 of system 100 is fully open and allows external
air 21 to enter the fuel cell system 100 by means of being
drawn in by the stack fan 15, the air 22 is then drawn through
the fuel cell stack 102, cooling the fuel cell stack 102, and
providing process air (oxygen) to the fuel cell stack 102. The
air 22 is caused to exit the fuel cell system through the open
air exit damper 108 and out to the external environment 23.
As needed, the air 22 is caused to pass over or through the
external/auxiliary electrical load 48 to facilitate cooling of
the auxiliary electrical load 48. During this operational
mode, the recirculation air damper 110 is fully closed to
ensure that the heated air 22 exiting the fuel cell stack 102
is not drawn back through the stack 102.

The operational mode of FIG. 3A is used to effect
maximum cooling of the fuel cell stack 102 during operation
at higher environmental temperatures, and to reject to the
outside environment 23 as much of the heat generated by the
fuel cell stack 102 as possible.

FIG. 3B shows a second operational mode wherein the
inlet air damper 106 and the exit air damper 108 are closed
while the recirculation air damper 110 is fully open. In this
operational mode, the air 22 heated by the fuel cell stack 15
is caused to be recirculate back through the recirculation
damper 110 and the recirculation return passage 104 by
means of recirculation return ducting 112. The recirculated
air 25 is reintroduced into the fuel cell stack 102 in order to
heat the fuel cell stack 102 to promote higher performance
operation at low environmental temperatures and or to bring
the fuel cell stack 102 quickly up to the desired operating
temperature.

A third operational mode is shown in FIG. 3C. In this
mode, the inlet air damper 106, the outlet air damper 108,
and the recirculation damper 110 are partially open allowing
a portion of the air 22 to pass out of the fuel cell system 100
(external air flow 23) via the exit air damper 108, while
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allowing another portion of air 25 to be re-circulated by way
the recirculation damper 110 and the recirculation return
passage 104 by means of recirculation return ducting 112.
The re-circulated air 25 is mixed with the air 21 entering
through the inlet air damper 106 and reintroduced into the
fuel cell stack 102 in order to heat the fuel cell stack 102 to
a predetermined operating temperature.

The operational mode of FIG. 3C is applied when the air
21 passing through the inlet air damper 106 is below the
predetermined operating temperature of the fuel cell stack
102 and is to be warmed to maintain the fuel cell stack at the
predetermined operating temperature. This operational
mode is generally the nominal operating mode.

During the operation of the fuel cells system 100, fuel
from a fuel source 32 is delivered through the fuel inlet line
136 to the valve body 114 and regulated to the predeter-
mined operating pressure. In an alternative embodiment, the
fuel may be delivered to an external fuel pressure regulator
(not shown) and then to the valve body 114. The fuel cell
system controller 126 provides a command signal to cause
the fuel inlet valve incorporated within the valve body 114
to be in the open state allowing fuel to flow into the fuel cell
stack 102 through the stack fuel inlet line 130. Periodically,
when the fuel cell system 100 is operating in a periodic
purge mode described above, a purge valve within the valve
body 114 or an external purge valve (not shown) is com-
manded to open by the fuel cell system controller 126,
allowing fuel to pass through the fuel cell stack 102 and the
stack purge line 140 and out the purge port 134.

The fuel cell system controller 126 monitors the fuel cell
stack 102 and the fuel cell system 100 through the stack and
system monitor leads 132 (which may be coupled to tem-
perature sensors, voltage taps, pressure sensors, etc., not
shown). Parameters monitored by the fuel cell system con-
troller 126 may include but are not limited to: fuel cell stack
102 temperature, individual fuel cell 26 potentials, inlet
21/outlet 23 air temperature, re-circulated air 25 tempera-
ture, humidity, and or pressure differential across the fuel
cell stack 102, etc.

Using the data collected from the fuel cell stack 102 and
fuel cell system 100, the fuel cell system controller 126
determines and controls the state of valves within (or
external to) the valve body 114, as well as the speed of the
stack fan 15, positions of the inlet air damper 106, the exit
air damper 108, and the recirculation air damper 110 in order
to maintain the predetermined fuel cell stack 102 tempera-
ture. The air dampers 106, 108, and 100 preferably include,
or are configured to operate with, actuation means (e.g.
servo motor or other actuation device available in the art, not
shown) to drive the position of the air dampers (e.g. open,
closed, or partially closed) according to a set program,
and/or via feedback from the monitored parameters).

In addition, the fuel cell system controller 126 controls the
output potential of the power manager 116 and monitors the
current drawn by the main electrical or service load 122.
Fuel cell system controller 126 also prevents overload
conditions, and commands the power manager 116 (or
alternatively an external switch or relay (not shown)) to
cause the fuel cell stack power to be delivered to the
auxiliary electrical load 48 through the auxiliary electrical
load leads 138 and manages the charging of the transition
energy storage device 124.

FIGS. 4A, 4B and 4C illustrate an alternative system 200
comprising a single damper 206 which may be single or
multi-vaned, and accompanying ducting 210. System 100
comprises a single folded duct 210 instead of the inlet
damper 106, the outlet damper 108 and the recirculation
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damper 110 of system 100 (FIGS. 3A, 3B, and 3C). The
ducting 210 of system 200 has combination incoming/
recirculating air section 214 and a return/outlet air section
208 separated by a duct divider 216. The ducting 210 and
216 may be a structural part the fuel cell system 200, or it
may be realized by the placement of the fuel cell system 200
with in a cabinet or other enclosure (not shown) wherein the
walls, panels, divider or other structures of the cabinet or
enclosure function as ducting for the fuel cell engine 200.

In a preferred variation of system 200, the stack fan 15
draws air through the fuel cell stack 102 and then blows the
same air over or through the external/auxiliary electrical
load 48 to provide cooling as shown in FIGS. 4A-4C. In
another variation, not shown, the stack fan 15 may blow air
through the fuel cell stack 102 and draw air over or through
the auxiliary electrical load 48 in the reverse flow of the air
as shown in the FIGS. 4A-4C. In further variations, also not
shown, the placement of the fuel cell stack 102, stack fan 15
and the auxiliary electrical load 48 may be located in
different positions within the ducting 210 such that air is
drawn or blown through the fuel cell stack 102, or alterna-
tively drawn or blown over or through the auxiliary electri-
cal load 48 by means of different locations within the
ducting 210.

FIG. 4A illustrates a first operational mode of system 200,
wherein the single air damper 206 is fully open and allows
external air 212 to enter the fuel cell system 200 by means
of' being drawn into the inlet section 214 by the stack fan 15.
The air 212 is then drawn through the fuel cell stack 102,
thereby cooling the fuel cell stack 102, and providing
process air (oxygen) to the fuel cell stack 102. The heated air
204 is caused to exit the fuel cell system through the open
air damper 206 by way of the outlet section 218 and into the
external environment. As needed, the air 204, 212 is caused
to pass over or through the auxiliary electrical load 48 to
facilitate cooling of the auxiliary electrical load 48.

The operational mode of FIG. 4A is preferably used to
affect maximum cooling of the fuel cell stack 102 during
operation at higher environmental temperatures, and to
reject to the outside environment as much of the heat
generated by the fuel cell stack 102 as possible. It is also
appreciated that the air flows 212, 204 may be reversed to
cause the air to be blown through the fuel cell stack 102 (e.g.
duct 218 becomes the air intake).

FIG. 4B illustrates a second operational mode of system
200, wherein the single air damper 206 is fully closed. In this
operational mode, the air 204 heated by the fuel cell stack 15
is caused to be re-circulate back through the recirculation
return passage 208 and re-circulating air section 214 and
back into the fuel cell stack 102. The re-circulating air 202
is reintroduced into the fuel cell stack 102 in order to heat
the fuel cell stack 102 to promote higher performance
operation at low temperatures and/or to bring the fuel cell
stack 102 quickly up to the desired operating temperature.
As needed, the air 204 is caused to pass over or through the
auxiliary external electrical load 48 to facilitate cooling of
the auxiliary electrical load 48. It is also appreciated that the
air flows 202, 204 may also be reversed, causing the air to
be blown through the fuel cell stack 102.

FIG. 4C illustrates a third operational mode of system
200, wherein the air damper 206 is partially open allowing
a portion of the heated air 204 to pass to pass through and
out of the fuel cell system 200 through the air damper 206
while allowing another portion of the air 202 to be re-
circulated though the recirculation return passage 208. The
re-circulated air 202 is mixed with the air 222 entering
through the air damper 206 to form return air mixture 220,
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and is reintroduced into the fuel cell stack 102 in order to
heat the fuel cell stack 102 to a predetermined operating
temperature. This operational variation is applied when the
air 222 passing through the air damper 206 is cooler than
needed to maintain the predetermined operating temperature
of'the fuel cell stack 102 and is to be warmed to maintain the
fuel cell stack at the predetermined operating temperature.
The operational mode of FIG. 4C is typically the nominal
operating mode. It is also appreciated that the air flows 202,
204, 220, and 222 may be reversed, causing the air to be
blown through the fuel cell stack 102.

During the operation of the fuel cells system 200, fuel
from a fuel source 32 is delivered through the fuel inlet line
136 to the valve body 114 and regulated to the predeter-
mined operating pressure or delivered to an external fuel
pressure regulator (not shown) and then to the valve body
114. The fuel cell system controller 126 provides a com-
mand signal to cause the fuel inlet valve incorporated within
the valve body 114 to be in the open state allowing fuel to
flow into the fuel cell stack through the stack fuel inlet line
130. Periodically, when the fuel cell system 200 is operating
in a periodic purge mode described above, a purge valve
within the valve body 114 or an external purge valve (not
shown) is commanded to open by the fuel cell system
controller 126 allowing fuel to pass through the fuel cell
stack 102 and the stack purge line 140 and out the purge port
134. The fuel cell system controller 126 monitors the fuel
cell stack 102 and the fuel cell system 200 through the stack
and system monitor leads 132.

Those skilled in the art will appreciate that larger systems
may employ multiple fans, auxiliary loads, and other addi-
tional components readily apparent from the description
above. It will further be appreciated by those skilled in the
art, that, along with using air as an oxidizer, various fuels
can be used such as, for example, hydrogen or reformate.

From the foregoing description it will be appreciated that
the present invention can be embodied in various forms,
which include but are not limited to the following:

1. A fuel cell system, comprising: a fuel cell stack; a fan;
the fan configured to provide process air to supply oxidizer
to said fuel cell stack; an air duct coupled to said fan and said
fuel cell stack; an electrical load coupled to the fuel cell
stack, said electrical load configured for receiving electrical
power generated from reactions within the fuel cell stack;
and an auxiliary electrical load coupled to the fuel cell stack;
wherein the auxiliary electrical load is configured to reduce
potentials across the fuel cell stack; and wherein said air duct
is configured to direct the flow of air to said fuel cell stack
to provide cooling air to said fuel cell stack.

2. The fuel cell system of embodiment 1, wherein the
auxiliary electrical load is located within said air duct to
provide cooling air to said auxiliary electrical load.

3. A fuel cell system as recited in embodiment 1, further
comprising: a purge air pump coupled to the fuel cell stack;
wherein the a purge air pump is configured to provide purge
air to the fuel cell stack upon stopping of the fuel cell
system.

4. The fuel cell system of embodiment 2, further com-
prising: one or more air dampers configured to control the
flow of air within said air ducting.

5. The fuel cell system of embodiment 4, further com-
prising: a recirculation return passage coupled to said fuel
cell stack; wherein the recirculation return passage is con-
figured to redirect air heated by the fuel cell stack back into
the fuel cell stack, thereby providing heat for operation of
the fuel cell stack.
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6. The fuel cell system of embodiment 5, further com-
prising: a controller coupled to the one or more air dampers;
wherein the controller is configured to control the opening
and closing of the one or more air dampers to allow or limit
infusion of ambient air into the air duct.

7. The fuel cell system of embodiment 6, wherein said one
or more dampers are configured to provide multiple modes
of operation, said modes of operation comprising: a first
mode wherein the air only passes through the duct once; a
second mode wherein the heated air re-circulates within the
duct; and a third mode wherein a portion of the heated air
re-circulates within the duct and a portion of the heated air
is directed out of the duct.

8. The fuel cell system of embodiment 7, wherein said one
or more dampers comprise a single damper that operates
over an intake and outtake of the air duct.

9. The fuel cell system of embodiment 7, wherein said one
or more dampers comprise: a first damper configured to
allow ambient air into the duct; a second damper configured
to direct the heated air out of the duct; and a third damper
configured to allow recirculation of the heated air; wherein
in the first mode, the first and second dampers are open while
the third damper is closed; wherein in the second mode, the
third damper is open while the first and second dampers are
closed; and wherein in the third mode, the first, second and
third dampers are at least partially open.

10. The fuel cell system of embodiment 1, further com-
prising: one or more resistor elements disposed between
individual fuel cells of said fuel cell stack; the one or more
resistor elements configured to equilibrate potentials across
the individual fuel cells.

11. The fuel cell system of embodiment 1, further com-
prising: one or more diodes disposed between individual
fuel cells of said fuel cell stack; the one or more diodes
configured to prevent the individual fuel cells from reversing
polarity.

12. A method of operating a fuel cell system having a fuel
cell stack, comprising the steps of: from an inert state,
engaging an auxiliary electrical load coupled to the fuel cell
stack; directing fuel though the fuel cell stack; subsequently
operating a fan to direct air flow across the fuel cell stack;
said air flow providing cooling air and process oxidizer to
said fuel cell stack; and applying an electrical service load
across the stack to receive electrical power generated from
reactions within the fuel cell stack.

13. The method of embodiment 12, wherein the inerting
air is purged from the fuel cell stack while simultaneously
engaging the auxiliary electrical load to lower potentials
within the fuel cell stack.

14. The method of embodiment 12, further comprising
directing cooling air across the auxiliary electrical load.

15. The method of embodiment 12, further comprising
directing purge air through the fuel cell stack upon stopping
of the fuel cell system from an operational state.

16. The method of embodiment 14, further comprising:
controlling one or more air dampers coupled to the fuel cell
stack to direct the airflow to the fuel cell stack and auxiliary
electrical load; and operating said one or more air dampers
to redirect air heated by the fuel cell stack back into the fuel
cell stack, thereby providing heat for operation of the fuel
cell stack.

17. The method of embodiment 16, further comprising
controlling the opening and closing of the one or more air
dampers to allow or limit infusion of ambient air into the air
duct.

18. A PEM fuel cell system, comprising: a fuel cell stack
comprising one or more PEM fuel cells; a fan; the fan
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configured to provide process air to supply oxidizer to said
fuel cell stack; an air duct coupled to said fan and said fuel
cell stack; an electrical load coupled to the fuel cell stack,
said electrical load configured for receiving electrical power
generated from reactions within the fuel cell stack; and an
auxiliary electrical load coupled to the fuel cell stack and
located within the air duct; wherein the auxiliary electrical
load is configured to reduce potentials across the fuel cell
stack; and wherein said air duct is configured to direct the
flow of air to said fuel cell stack and auxiliary electrical load
to provide cooling air to said fuel cell stack and auxiliary
electrical load.

19. The fuel cell system of embodiment 18, further
comprising: a purge air pump coupled to the fuel cell stack;
wherein the a purge air pump is configured to provide purge
air to the fuel cell stack upon stopping of the fuel cell
system.

20. The fuel cell system of embodiment 18, further
comprising: one or more air dampers configured to control
the flow of air within said air ducting; and a recirculation
return passage coupled to said fuel cell stack; wherein the
recirculation return passage is configured to redirect air
heated by the fuel cell stack back into the fuel cell stack,
thereby providing heat for operation of the fuel cell stack.

21. The fuel cell system of embodiment 20, further
comprising: a controller coupled to the one or more air
dampers; wherein the controller is configured to control the
opening and closing of the one or more air dampers to allow
or limit infusion of ambient air into the air duct.

22. The fuel cell system of embodiment 20, wherein said
one or more dampers are configured to provide multiple
modes of operation, said modes of operation comprising: a
first mode wherein the heated air only passes through the
duct once; a second mode wherein the heated air re-circu-
lates within the duct; and a third mode wherein a portion of
the heated air re-circulates within the duct and a portion of
the heated air is directed out of the duct.

Although the description herein contains many details,
these should not be construed as limiting the scope of the
disclosure but as merely providing illustrations of some of
the presently preferred embodiments. Therefore, it will be
appreciated that the scope of the disclosure fully encom-
passes other embodiments which may become obvious to
those skilled in the art.

In the claims, reference to an element in the singular is not
intended to mean “one and only one” unless explicitly so
stated, but rather “one or more.” All structural, chemical,
and functional equivalents to the elements of the disclosed
embodiments that are known to those of ordinary skill in the
art are expressly incorporated herein by reference and are
intended to be encompassed by the present claims. Further-
more, no element, component, or method step in the present
disclosure is intended to be dedicated to the public regard-
less of whether the element, component, or method step is
explicitly recited in the claims. No claim element herein is
to be construed as a “means plus function” element unless
the element is expressly recited using the phrase “means
for”. No claim element herein is to be construed as a “step
plus function” element unless the element is expressly
recited using the phrase “step for”.

What is claimed is:
1. A method of operating a fuel cell system having an
open-cathode fuel cell stack, comprising the steps of:
directing fuel through the fuel cell stack to purge inerting
air from the open-cathode fuel cell stack;
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subsequently operating a fan to direct air flow across the
open-cathode fuel cell stack;
said air flow providing cooling air and process oxidizer to
said open-cathode fuel cell stack; and
applying an electrical service load across the stack to
receive electrical power generated from reactions
within the open-cathode fuel cell stack.
2. A method as recited in claim 1, further comprising:
from an inert state, engaging an auxiliary electrical load
coupled to the fuel cell stack;
wherein the inerting air is purged from the open-cathode
fuel cell stack while simultaneously engaging the aux-
iliary electrical load to lower potentials within the fuel
cell stack.
3. A method as recited in claim 2, further comprising
directing cooling air across the auxiliary electrical load.
4. A method as recited in claim 1, further comprising
directing purge air through the fuel cell stack upon stopping
of the fuel cell system.

w

10

15

14

5. A method as recited in claim 3, further comprising:

controlling one or more air dampers coupled to the fuel

cell stack to direct the airflow to the fuel cell stack and
auxiliary electrical load; and

operating said one or more air dampers to redirect air

heated by the fuel cell stack back into the fuel cell
stack, thereby providing heat for operation of the fuel
cell stack.

6. A method as recited in claim 5, further comprising
controlling the opening and closing of the one or more air
dampers to allow or limit infusion of ambient air into the air
duct.

7. A method as recited in claim 1, wherein said air flow
simultaneously provides cooling air and process oxidizer to
said fuel cell stack.

8. A method as recited in claim 1, wherein the fuel cell
stack comprises one or more PEM fuel cells.
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